Background-LCI699, a novel inhibitor of aldosterone synthase, reduces serum aldosterone, and may have benefit in the treatment of hypertension. Methods and Results-We performed the first double-blind, randomized trial with LCI699 in patients with primary hypertension. We randomized 524 patients to LCI699 0.25 mg once daily (nϭ92), 0.5 mg once daily (nϭ88), 1.0 mg once daily (nϭ86), and 0.5 mg twice daily (nϭ97); eplerenone 50 mg twice daily (nϭ84); or placebo (nϭ77) for 8 weeks. Adrenocorticotropic hormone (250 g IV) stimulation testing was performed in a subset of patients to quantify the selectivity of LCI699 for aldosterone synthase compared with 11-␤-hydroxylase. Reductions in clinic diastolic blood pressure were significant for LCI699 1.0 mg (Ϫ7.1 mm Hg; Pϭ0.0012) and eplerenone 50 mg twice daily (Ϫ7.9 mm Hg; PϽ0.0001) compared with placebo (Ϫ2.6 mm Hg) but not other doses of LCI699. Significant reductions in clinic systolic blood pressure were observed with all doses of LCI699 (PϽ0.005 or better) and eplerenone (PϽ0.0001). All doses of LCI699 significantly reduced 24-hour ambulatory blood pressure compared with placebo (PϽ0.01). Adrenocorticotropic hormone stimulation of cortisol was suppressed in Ϸ20% of subjects receiving LCI699 at a total daily dose of 1.0 mg. Safety and tolerability were similar among LCI699, placebo, and eplerenone. Conclusions-Aldosterone synthase inhibition with LCI699 significantly lowered clinic and ambulatory blood pressure. A minority of subjects developed blunted adrenocorticotropic hormone-stimulated release of cortisol. These results support additional research to evaluate use of aldosterone synthase inhibition in primary hypertension and/or patients characterized by aldosterone excess. Clinical Trial Registration-URL: http://www.clinicaltrials.gov. Unique identifier: NCT00758524.
A ldosterone, the principal mineralocorticoid in humans, is produced in the zona glomerulosa of the adrenal cortex by aldosterone synthase (CYP11B2). A key component of the renin-angiotensin-aldosterone system, aldosterone acts primarily at the renal distal convoluted tubules as a critical regulator of fluid and electrolyte homeostasis. Given the role that aldosterone plays in causing hypertension and in promoting vascular, renal, and myocardial disease, blockade of aldosterone represents an important option to lower blood pressure (BP) and potentially to mitigate the target-organ damage associated with hypertension.
Clinical Perspective on p 1955
Mineralocorticoid receptor blockers such as spironolactone and eplerenone block the actions of aldosterone at the receptor level. Clinical trials indicate that spironolactone and eplerenone effectively lower BP, particularly in resistant hypertension, and improve outcomes in congestive heart failure. [1] [2] [3] [4] [5] [6] Use of these agents, particularly spironolactone, can be limited by adverse effects, and is associated with reactive increases in circulating aldosterone levels that could theoretically exacerbate any actions of aldosterone that are mediated independently of effects on gene transcription, ie, so-called nongenomic effects. [7] [8] [9] Therefore, inhibition of aldosterone synthesis represents a novel approach to decreasing exposure of the cardiovascular system to aldosterone that may provide advantages in terms of tolerability and/or cardiovascular and renal protection.
LCI699 is a potent, orally administrated, first-in-class aldosterone synthase inhibitor. Studies in healthy volunteers showed that LCI699 was rapidly absorbed and well tolerated and suppressed both plasma and urinary aldosterone levels compared with placebo. 10 In a recent study of 14 patients with primary aldosteronism, LCI699 1.0 mg twice daily suppressed plasma aldosterone by 75% and urinary aldosterone by 88%, and was associated with moderate reductions in 24-hour ambulatory systolic BP (SBP; Ϫ4.1 mm Hg) and office SBP (Ϫ9.5 mm Hg). 11 The present study was undertaken to evaluate the efficacy and tolerability of LCI699 for the first time in patients with primary hypertension.
Methods

Study Design
This was a multicenter, randomized, double-blind, placebo-and active-controlled, parallel-group phase 2 study ( Figure 1 ). The study protocol was approved by the independent ethics committee or institutional review board of each center, and the study was conducted in accordance with Good Clinical Practice guidelines and the ethical principles of the Declaration of Helsinki. All patients provided written informed consent before being enrolled. The trial is registered at www.ClinicalTrials.gov (identifier, NCT00758524).
Randomization and Masking
Patients were masked only during the single-blind run-in period. After this period, an interactive voice-response system was used to randomly assign patients to 1 of 6 treatment groups (defined below). Both patients and investigators were blinded to the treatment assigned at randomization. Randomization sequences were generated by the interactive voice-response system provider. A validated system automated the random assignment of patient numbers to randomization numbers, which were linked to the different treatment groups and the medication numbers on treatment packs. Randomization was stratified by participation in the adrenocorticotropic hormone (ACTH) substudy and then by study center. The block size was 12 for patients not participating in the ACTH substudy (1:1:1:1:1:1 randomization ratio for the 6 treatment groups). For patients participating in the ACTH substudy, the block size was 10 (reflecting a 2:2:2:2:1:1 ratio; 2 for all LCI699 treatment groups, 1 for eplerenone and placebo) for the first 12 blocks (120 randomization codes) and a block size of 6 (1:1:1:1:1:1 ratio) for the rest of the blocks dedicated to the substudy. This was done to ensure some overallocation to LCI699 treatment in the ACTH substudy, but to keep overall study balance, hence the restricted number of blocks that were weighted in favor of LCI699 treatment.
To evaluate the recovery in BP after the discontinuation of treatment, all patients entered a randomized withdrawal period at the end of the 8-week double-blind period. For this assessment, patients from each arm were randomized 1:1 to continue on either the same study treatment that they received during the 8-week period or placebo for 1 additional week.
Patients, investigators, people performing the assessments, and data analysts remained blinded to treatment assignments from the time of randomization until database lock. The identity of the treatments was concealed by the use of study drugs that were identical in packaging, labeling, schedule of administration, appearance, taste, and odor.
Patients
Eligible patients were between 18 and 75 years of age with stage 1 to 2 hypertension, either untreated or treated with Յ2 antihypertensive agents. Patients underwent a 2-week screening/washout period (only if previously on antihypertensive medication) followed by a 2-week placebo-controlled run-in period (Figure 1 ), after which they could be enrolled in the study if seated diastolic BP (DBP) was Ն95 and Ͻ110 mm Hg.
Women were required to be postmenopausal for 1 year, to be surgically sterile, or to be using an effective method of birth control other than hormonal contraceptives. Patients were excluded at screening if they had a history of severe hypertension (BP Ն180/ 110 mm Hg). Additional exclusion criteria included a history of diabetes mellitus; history of cardiovascular disease, including coronary artery disease, myocardial infarction, stroke, transient ischemic attack, any revascularization procedure, congestive heart failure, or hemodynamically significant carotid or peripheral arterial disease; an estimated glomerular filtration rate Ͻ60 mL ⅐ min Ϫ1 ⅐ 1.73 m Ϫ2 ; a serum potassium Ͼ5.2 or Ͻ3.5 mEq/L; use of medications likely to affect BP, including nonsteroidal antiinflammatory drugs; or use of glucocorticoids, potent CYP3A4 inhibitors, or potassium supplements.
The study was conducted in participating clinics/physician's offices in Argentina (nϭ55, 7 study centers), Australia (nϭ22, 6 centers), France (nϭ57, 12 centers), Germany (nϭ100, 15 centers), the Netherlands (nϭ63, 8 centers), Romania (nϭ9, 3 centers), Spain After a 2-week screening/washout period and a 2-week single-blind placebo-controlled run-in period to establish inclusive BP values, there was an 8-week double-blind double-dummy treatment period. Qualifying patients were randomly assigned to 1 of 6 treatment groups of double-blind treatment: LCI699 0.25 mg once daily, LCI699 0.5 mg once daily, LCI699 1.0 mg once daily, LCI699 0.5 mg twice daily, eplerenone 50 mg twice daily, or placebo. These doses were chosen on the basis of results from a phase 1 study that indicated that higher doses of LCI699 had the potential to inhibit 11-␤-hydroxylase and to reduce cortisol synthesis. 10 Patients randomized to LCI699 1.0 mg once daily received 0.5 mg once daily for 1 week and then were titrated to 1.0 mg daily for the remaining 7 weeks of the double-blind treatment period. Patients randomized to LCI699 0.5 mg twice daily or eplerenone twice daily started with the same dose once daily for 1 week and then were titrated to twice daily dosing for the remaining 7 weeks. All study procedures were conducted between 7 and 10 AM.
ACTH Stimulation Substudy
A subgroup of patients in 5 countries (Germany, the Netherlands, Spain, Sweden, and the United States) underwent ACTH stimulation cortisol testing at baseline (the day before randomization) and at the end of the 8-week double-blind treatment period (At Swedish sites, ACTH stimulation testing was also performed after 4 weeks of double-blind treatment). The objective was to detect even a minor impairment of cortisol synthesis if present. ACTH (250 g IV) was administered 2 hours after the study drug was taken, and blood samples for cortisol determination were obtained 1 hour later (ie, 3 hours after study drug). ACTH stimulation was considered abnormal if the serum cortisol level remained below 500 nmol/L 1 hour after ACTH infusion.
Efficacy Assessments
The primary end point for this trial was mean sitting DBP. Secondary end points included mean sitting systolic BP and 24-hour ambulatory DBP and SBP.
Automated Clinic BP Determinations
Automated BP determinations were made in the clinic at each visit with an Omron BP monitor (model HEM705CP, HEM705INT, or HEM705IT, all with the same measurement algorithm; OMRON Healthcare Co Ltd, Kyoto, Japan) with an appropriately sized cuff in accordance with published guidelines. The arm with the higher DBP was used for the first and all subsequent visits. BPs were measured in triplicate at 2-minute intervals 23 to 26 hours after the morning dose and 11 to 14 hours after the evening dosing time. The BPs were calculated as the mean of the 3 clinic measurements.
Ambulatory BP Monitoring
Twenty-four hour ambulatory BP (ABP) monitoring was performed in all eligible patients at the completion of the single-blind run-in period before randomization and after 8 weeks of double-blind treatment. The nondominant arm of the patient was used for ABP measurement to avoid compliance issues. Measurements were recorded at 20-minute intervals during the daytime and nighttime. To be considered valid, the ABP recording was required to have at least 80% of the programmed measurements as evaluable, with no greater than 2 hours of contiguous loss of BP data. If an ABP recording did not meet these criteria, it could be repeated within 2 to 3 days of the initial study. If the second study did not meet quality control criteria, the ABP study was considered nonevaluable.
Hormonal Measurements
Aldosterone was measured with a liquid chromatography-tandem mass spectrometry method. Plasma renin activity was measured by radioimmunoassay (GammaCoat Plasma Renin Activity 125 I radioimmunoassay kit; DiaSorin, Inc, Stillwater, MN) and cortisol by chemiluminescence ELISA (ADVIA Centaur cortisol assay; Siemens Healthcare Diagnostics, Deerfield, IL).
Safety Assessments
Key safety assessments included adverse events (AEs), serious AEs, and laboratory parameters (hematology, biochemistry, and a panel of hormones). Incidence rates of AEs were summarized by system organ classes and preferred term for all treatment groups for both the core and randomized withdrawal periods.
Statistical Analyses
The primary efficacy variable for the trial was the change from baseline in trough mean seated DBP (23 to 26 hours after the morning dose and 11 to 14 hours after the dose [twice-daily regimen]) at the end of the 8-week double-blind treatment period. This primary end point contained an assessment of 0.25-, 0.5-, and 1-mg once-daily doses and a 0.5-mg twice-daily dose of LCI699 compared with placebo. Response to treatment was defined as seated DBP Ͻ90 mm Hg or a reduction Ն10 mm Hg, and seated SBP Ͻ140 mm Hg or Ն20 mm Hg reduction at week 8.
The assessment of the primary objective of establishing superior efficacy of once-daily or twice-daily doses of LCI699 compared with placebo was evaluated by using a set of 6 optimal contrasts representing 5 prospectively defined dose-response shapes for oncedaily or twice-daily dosing compared with placebo. A multiplicity adjustment applied to these multiple contrasts, using information on the correlation between the contrasts, kept the significance level of this global test of the primary objective at the 1-sided 2.5% level. This global test was performed to detect a dose-response signal in once-daily dosing or a significant decrease in twice-daily dosing compared with placebo and was performed before all other assessments. P values derived after this step do not share the adjustment for multiple comparisons and are only nominal.
The assessment of changes in all efficacy parameters included adjustments for baseline levels and geographical region. All efficacy analyses were conducted with the full analysis set (randomized patients with at least 1 postbaseline measurement), and missing week 8 postbaseline measurements were imputed by carrying forward the last available observation. Continuous variables were analyzed with regression models for both categorical (ANCOVA) and continuous (dose-response analysis) regressors. Estimates from the analyses are derived as least-squares means. Two-sided P values presented are nominal and should be interpreted descriptively.
Descriptive statistics for laboratory data by visit and shift tables describing most extreme values with respect to normal limits during double blind treatment and notable changes, defined as percentage changes from baseline and prespecified in the protocol, were calculated. Furthermore, expanded ranges of interest for key safety parameters were summarized as frequencies. These analyses were performed for measurements collected during the core treatment period and, when applicable, during randomized withdrawal. In addition, frequencies of ACTH-stimulated cortisol measurements below relevant thresholds were summarized, and descriptive statistics were provided.
Sample size calculations determined that 70 patients in each arm would provide a power of 85% to detect a significant dose-response signal for once-daily doses or a significant response for twice-daily dosing compared with placebo at a 1-sided significance level of 2.5%, assuming that the dose with highest efficacy provided a placebo-adjusted decrease in DBP of 4 mm Hg and that the SD of the change from baseline was 8 mm Hg. The detection of a significant dose-response signal in the reduction of mean sitting DBP (primary efficacy variable) used a multivariate t statistic as the reference distribution to adjust for the multiple assessments involving several doses compared with placebo. 12 
Results
Patients
Of the 903 subjects screened, 105 patients did not qualify for the study after washout, 274 patients failed the screening during the single-blind period, and 524 were randomly assigned to double-blind treatment. The most common reasons for screen failure were failure to meet diagnostic/ severity criteria (45%), unacceptable test procedure results (22%), abnormal laboratory values (12%), and exclusionary medical conditions (7%). Of the randomized patients, 522 had postbaseline BP measurements, and 474 completed the 8-week double-blind period (Figure 2) . The proportion of patients who discontinued during the double-blind treatment period was higher in the placebo group (13.0%, 10 of 77) compared with the 5 active treatment groups (values ranged from 6.8% [6 of 88] in the 0.5-mg once-daily LCI699 group to 10.7% [9/84] in the 50-mg twice-daily eplerenone group), primarily because of a lack of efficacy as judged by the investigator. All 474 patients completing the 8-week double- blind treatment period continued into the 1-week randomized withdrawal period. During this final week of the study, 2 patients randomized to continue LCI 0.5 mg once daily and 1 randomized to continue LCI 0.25 mg once daily were withdrawn as a result of an unsatisfactory therapeutic response. Baseline characteristics of the patients were similar among the treatment groups ( Table 1) . The study population was predominantly male (65%, 341 of 522) and white (90%, 467 of 522), and the mean age of patients was 55 years, with 15% (80 of 522) Ն65 years of age. Mean baseline BP was 157.9/100.2 mm Hg. The mean estimated glomerular filtration rate was Ϸ85 mL ⅐ min Ϫ1 ⅐ 1.73 m Ϫ2 , which was comparable between treatment groups.
Efficacy Findings
Changes from baseline in clinic BPs for each of the treatment groups at the end of the double-blind treatment period (week 8) are shown in Figure 3 . In a pairwise comparison, only the LCI699 1.0-mg once-daily dose was significantly more effective than placebo in reducing seated DBP (2-sided Pϭ0.001). Reductions in DBP with LCI699 1.0 mg once daily and eplerenone 50 mg twice daily were of a similar magnitude. Changes in SBP for each of the treatment groups are shown in Figure 3 . In pairwise comparisons, all doses of LCI699 were significantly more effective in reducing SBP than placebo at 8 weeks (Pϭ0.004 for 0.5 mg once daily and PϽ0.001 for all other doses). There were no differences in the changes in SBP with LCI699 1.0 mg once daily compared with eplerenone 50 mg twice daily (Figures 3 and 4) .
Changes in 24-hour SBP and DBP after 8 weeks of treatment are shown in Figure 5 . All doses of LCI699 produced a significant reduction in 24-hour SBP and DBP compared with placebo at 8 weeks (PϽ0.01 or better). Reductions from baseline in ABP with eplerenone 50 mg twice daily were similar to those with LCI699 1.0 mg once daily; however, they were greater than lower doses of LCI699. Additionally, reductions in 24-hour BP with LCI699 1.0 mg once daily and 0.5 mg twice daily were not significantly different from each other even by the pairwise P value criterion.
Changes in SBP and DBP were not significantly different from placebo during the 1-week randomized withdrawal period. Except for LCI699 0.5 mg once daily, patients rerandomized to placebo tended to have greater increases in clinic BP than those who remained on active treatment.
Response Rate
Response was defined as seated DBP Ͻ90 mm Hg or a reduction Ն10 mm Hg and seated SBP Ͻ140 mm Hg or Ն20 mm Hg reduction at week 8. The DBP response rates for the respective treatment groups were as follows: placebo, 28% (21 of 76); LCI699 0.25 mg once daily, 39% (36 of 92); LCI699 0.5 mg once daily, 34% (29 of 85); LCI699 1.0 mg 
Effect on Aldosterone, Plasma Renin Activity, and Cortisol
At 0.5 mg twice daily, LCI699 modestly decreased aldosterone levels measured 12 hours after the last drug intake, whereas once-daily doses of LCI699 and placebo had little effect on plasma aldosterone concentrations measured 24 hours after the last drug intake ( Table 2) . As expected, eplerenone 50 mg twice daily increased aldosterone levels. Both LCI699 0.5 mg twice daily and eplerenone increased PRA compared with placebo, but this was not statistically significant with the once-daily doses of LCI699.
There was no change in mean morning cortisol levels in any of the treatment groups. A small number of patients (0%-2.2%, 0 of 84 -2 of 91) had low morning cortisol levels (Ͻ150 nmol/L) while receiving LCI699, results that are similar to both placebo (1.4%, 1 of 71) and eplerenone (3.7%, 3 of 81). LCI699 also had no effect on total testosterone concentrations compared with placebo.
ACTH Stimulation Testing
At baseline, there were no differences in mean cortisol levels before and after ACTH stimulation among the different treatment groups (nϭ21-28; Table 3 ). After 8 weeks of treatment, LCI699 dose-dependently lowered cortisol levels at 1 hour after ACTH, and this effect achieved statistical significance for all doses of LCI699. At 8 weeks, mean cortisol values 1 hour after ACTH for LCI699 0.25 mg once daily, 0.5 mg once daily, 1.0 mg once daily, and 0.5 mg twice daily were 729Ϯ124 (meanϮ SD), 693Ϯ118, 604Ϯ125, and 609Ϯ108 nmol/L, respectively, compared with 802Ϯ134 and 823Ϯ116 nmol/L for eplerenone and placebo. Individual responses are shown in Figure I in the online-only Data Supplement.
ACTH-stimulated cortisol levels were also evaluated categorically. All patients had a normal ACTH response (pre- specified as plasma cortisol Ͼ500 nmol/L 1 hour after ACTH infusion) at baseline. During active treatment with placebo, eplerenone, LCI699 0.25 mg, or LCI699 0.5 mg once daily, ACTH stimulation of cortisol remained normal in all patients. In contrast, 20.8% of patients (5 of 24) receiving LCI699 0.5 mg twice daily and 21.4% (6 of 28) treated with LCI699 1.0 mg once daily exhibited an attenuated cortisol response on ACTH stimulation. For those patients in whom the cortisol response to ACTH did not achieve 500 nmol/L, ACTH testing was repeated 1 to 2 weeks after treatment with LCI699 was stopped, and in all cases, the cortisol response returned to normal (ie, Ͼ500 nmol/L).
Safety and Tolerability
There were no deaths during the study. There were 2 serious AEs: 1 (retinal vein occlusion) in a patient receiving LCI699 0.25 mg once daily and 1 (hospitalization for abdominal pain and fever) in a patient receiving placebo.
The frequencies of patients reporting Ն1 AEs during the double-blind treatment period were similar across all treatment groups, ranging from 25% to 31% (the lowest being for LCI699 0.25 mg once daily [23 of 92] and the highest being for eplerenone 50 mg twice daily [26/84] ). The most frequently reported AEs were headache, dizziness, and nasopharyngitis. Headache occurred more frequently with placebo (13%, 10 of 76), LCI699 0.5 mg once daily (4.6%, 4 of 87), and eplerenone 50 mg twice daily (3.6%, 3 of 84). Dizziness was most common with LCI699 0.5 mg twice daily (5.2%, 5 of 97). The majority of these AEs were categorized as mild to moderate in intensity.
Episodes of mild hyponatremia (Ն130 and Ͻ135 mmol/L) were similar across the active treatment groups (0%-2.2%, 0 of 87-2 of 92) and placebo (2.7%, 2 of 76). One patient receiving LCI699 0.5 mg twice daily had an episode of hyponatremia Ͻ125 mmol/L, and 1 patient receiving LCI699 0.25 mg once daily had an episode of hyponatremia between Ն125 and Ͻ130 mmol/L. The incidence of hyperkalemia (Ͼ5.5 mmol/L) was similar across all LCI699 doses Ͼ0.25 mg and eplerenone (3.4%-4.8%, 3 of 87-4 of 84). There was 1 occurrence of hyperkalemia in the LCI699 0.25-mg once-daily group and none in the placebo group. One patient in each of the LCI699 treatment groups had an episode of hyperkalemia Ͼ6.0 mmol/L. In each case, the hyperkalemia was not present on repeat testing without any change in treatment status, and no patient was withdrawn from the study because of an abnormally high potassium concentration. There was a significant doseresponse relationship for LCI699 and mean potassium concentration and change in potassium concentration. The placebosubtracted changes in potassium concentration ranged from 0.01 to 0.28 mmol/L, which were similar to that of eplerenone. There were no significant increases in creatinine with any of the doses of LCI699 or eplerenone.
Discussion
This is the first clinical study evaluating aldosterone synthase inhibition for the treatment of primary hypertension. The results indicate that LCI699 significantly lowered office and 24-hour BP and was well tolerated. Morning cortisol levels remained unchanged regardless of the dose of LCI699; however, ACTH stimulation of cortisol was suppressed in Ϸ20% of patients receiving the higher doses. Overall, the study suggests that aldosterone synthase inhibition may represent a new and effective means of treating hypertension.
A growing body of research has linked aldosterone to the development and progression of cardiovascular disease, including hypertension. In prospective analyses from the ongoing Framingham Offspring Study and in a middle-aged French population, serum aldosterone, plasma renin concentration, and the aldosterone/plasma renin ratio in normotensive subjects were prospectively related to development of hypertension or to BP progression (increase in severity). 13, 14 Specifically, rates of incident hypertension and BP progression rose across tertiles of increasing aldosterone levels.
Plasma aldosterone levels have also been associated with severity of hypertension, as indicated by cross-sectional studies of untreated hypertensive cohorts. [15] [16] [17] More broadly, aldosterone is linked to the development and progression of cardiorenal disease, including endothelial dysfunction, proteinuria, left ventricular hypertrophy, target-organ fibrosis and inflammation, congestive heart failure, stroke, and recently the severity of obstructive sleep apnea. 18 -30 Mineralocorticoid receptor-blocking agents, such as spironolactone and eplerenone, prevent aldosterone from binding with the mineralocorticoid receptor. A large number of clinical studies have demonstrated their benefit in treating hypertension, particularly resistant hypertension, and in improving outcomes in patients with congestive heart failure. [1] [2] [3] [4] [5] [6] Smaller studies suggest benefit of these agents in improving endothelial function, regressing left ventricular hypertrophy, and reducing proteinuria. 18, 23, 31 However, use of mineralocorticoid receptor-blocking agents can be complicated by adverse effects and reactive increases in circulating aldosterone levels. 2 Experimental data suggest that some of the hemodynamic and cardiovascular effects of aldosterone may occur through possible nongenomic pathways, ie, independently of stimulation of the mineralocorticoid receptor and/or the classic steroid-receptor complex modulation of nuclear gene expression. [7] [8] [9] If nongenomic pathways do contribute importantly to the effects induced by aldosterone, aldosterone synthase inhibitors such as LCI699 would potentially offer an Geo indicates geometric mean; CV, coefficient of variation; and PRA, plasma renin activity. The reference ranges for serum aldosterone and PRA are Ͻ776 pmol/L and Ͻ5.3 g ⅐ L Ϫ1 ⅐ h
Ϫ1
, respectively. *PϽ0.05 for change from baseline versus placebo; all values are Ϸ24 hours after once-daily dosing and 12 hours after twice-daily dosing.
advantage over mineralocorticoid receptor-blocking agents in preventing activation of both genomic and nongenomic pathways. Such a potential advantage, however, remains speculative because the present study was not designed to explore differences in mechanism of action at a receptor level.
In the present trial, all of the studied doses of LCI699 reduced SBP compared with placebo, whereas the 1.0-mg once-daily dose reduced DBP compared with placebo. LCI699 1.0 mg once daily lowered BP comparable to eplerenone 50 mg twice daily, the highest approved dose of eplerenone for the treatment of hypertension. It is unclear why LCI699 0.5 mg twice daily did not lower BP to the same extent as 1.0 mg once daily. It may represent a chance occurrence; however, additional assessment is needed to further evaluate whether a divided dose is less effective than a full dose given once daily. It is also noteworthy that LCI699 1.0 mg once daily induced a greater BP response than LCI699 dosed 0.5 mg once daily, indicating that we may not have observed the maximal antihypertensive effect of the drug.
Overall, LCI699 was well tolerated, with AE rates similar to that of placebo. Only 1 serious AE occurred with LCI699 dosing (retinal vein occlusion), and this was thought to be unrelated to medication exposure. The need to withdraw medication owing to an AE was low with all doses of LCI699 and comparable to that of eplerenone. Hyperkalemia (Ͼ5.5. mmol/L) with LCI699 occurred with an overall incidence of 3.1% (16 of 518). The highest incidence of hyperkalemia was observed with 0.5 mg once daily (4.8%, 4 of 84), which was similar to eplerenone (4.8%, 4 of 84) and was not present in any patient on retesting. These results suggest that in patients with normal renal function, hyperkalemia is unlikely but can occur, necessitating biochemical monitoring similar to that suggested for spironolactone and eplerenone.
LCI699 has a half-life of 4 hours in humans. Previous studies with this aldosterone synthesis inhibitor demonstrated a fall in plasma aldosterone that peaked Ϸ4 to 8 hours after dosing and was undetectable by 24 hours after drug intake. 10 The results of the present study are consistent with this finding in that a decrease in plasma aldosterone was seen only when measured 12 hours after drug intake, as would have occurred in the LCI699 0.5-mg twice-daily group. Serial plasma levels or 24-hour urinary measurements might have been more successful in elucidating the relationship of dose of LCI699 with aldosterone response.
Phase 1 studies with LCI699 also showed no effect on baseline morning cortisol levels. Similar results were obtained in the present study. However, with the highest dose of LCI699 (1.0 mg either as a single dose or in divided doses), Ϸ20% of subjects had suppression of ACTH-induced cortisol release. This effect is likely attributable to partial inhibition of 11-␤-hydroxylase (CYP11B1), the enzyme responsible for the final step in cortisol biosynthesis. The significance of the observed impaired ACTH-stress response is unknown. ACTH-mediated increases in cortisol release occur with stress and, in particular, may play an important role in mediating the response to hemorrhage, severe infection, hypotension, or acute myocardial infarction. 32, 33 Whether suppression of ACTH-stimulated release of cortisol to the degree observed in the present study (20%) would impair recovery from these clinical stress-mediated events needs further study. Development of aldosterone synthase inhibitors that are more selective for aldosterone synthase may avoid this concern by leaving normal ACTH stimulation of cortisol release intact. The present study results indicate that LCI699, the firstin-class aldosterone synthase inhibitor, effectively lowered clinic and 24-hour BP and was generally well tolerated. Despite the effect of LCI699 on cortisol synthesis and given the large body of evidence linking aldosterone to the development of hypertension and other cardiovascular diseases, the present findings support additional studies and the development of more selective compounds to determine whether inhibition of aldosterone synthesis provides advantages over other classes of antihypertensive agents in terms of tolerability and clinical benefit. Intuitively, such a class of agent would seem to be particularly appealing in treating high-risk cohorts strongly linked with aldosterone excess such as resistant hypertension, congestive heart failure, post-myocardial infarction, and chronic renal failure.
